Extraction of pequi oil
The pequi oil was extracted by three different methods: solvents, mechanical extraction, and cooking.
In order to extract the oil using solvents, the fruits were depulped using a knife, and the pulp was oven-dried at 60 °C for 24 hours. The dry material was ground in a multiprocessor into flour. This flour was transferred to two flat-bottomed balloon flasks; one containing 1 liter of acetone and the other containing 1 liter of ethyl ether. The flasks were wrapped with aluminum foil and left to rest for about 4 hours. Next, they were filtered through Whatman filter paper and taken for solvent recovery in a Soxhlet apparatus at 60 °C. The method described was adapted from Aquino (2007) .
Mechanical extraction was based on the methodology described by Ribeiro et al. (2008) , in which the pequi fruits were cut to remove the pits. Afterwards, they were taken to dry in an oven at 60 °C for a period of 24 hours. Soon afterwards, they were put in a 90 L expeller press (WEQ). The extract obtained was first filtered through a thin sieve at room temperature (28 °C) and later through a Whatman filter paper in a ventilated oven (60 °C).
The extraction method by cooking deals with an old rustic practice to obtain the pequi oil described by Pozo (1997) . In this method, the pequi fruits (putamen) were placed in a container with water and submitted to cooking for about 40 minutes. After this process, they were removed and depulped with the using a spoon. Once cold, the pulp was cooked again in water. As the oil droplets began to float on the top of the water's surface, it was removed with a spoon, transferred to a container and heated until complete water evaporation. At the end of each extraction, the yield was calculation (mass in grams of oil × 100. grams -1 weight of dry matter), and the oil was stored at room temperature in a capped dark flask protected from light.
Physicochemical analyses
The fruit pulp moisture was determined according to the norms of the Association of Official Analytical Chemists, AOAC (1990) . For the characterization of the pequi oil, physicochemical properties, titratable acidity analyses were conducted according to the method developed by the Instituto Adolfo Lutz (IAL, 2008) . The peroxide and saponification indexes were determined based on the American Oil Chemists Society, AOCS (1990) Cd 8-53, and Cd 3-25 methods, respectively. The iodine index was also determined by the Cd 1-25 method (AOCS, 1984) .
Analysis of carotenoid levels
The level of total carotenoids of the pequi oil was measured using a spectrophotometer (SP-22 Biospectro). The reading of the samples was conducted in the visible spectrum at 450 nm, using hexane as solvent. The carotenoid levels were calculated according to Higby (1962) using the following formula: Absorbancy × 100/250 × 1 × [sample weight (g) × 0.01]. β-carotene was determined using the open-column chromatography method described by Rodriguez-Amaya and Kimura (1989) . For this analysis, the samples were submitted to (BRANDÃO; LACA-BUENDÍA; MACEDO, 2002; RIBEIRO, 1996) .
More recently, studies have pointed to the great potential of the pequi pulp oil in the production of cosmetics (PIANOUVSKI et al., 2008) . Furthermore, due to the low level of polyunsaturated fatty acids and high concentration of monounsaturated acid, this oil can be used in processes that involve frying and cooking (LOLOS; OREOPOULOU; TZIA, 1999; SEGALL et al., 2006) .
Like the fruit, the pequi oil is composed, predominantly, of oleic and palmitic acid (FACIOLI; GONÇALVES, 1998; SEGALL et al., 2006; GARCIA et al., 2007) . Furthermore, it has, in smaller amounts, stearic, linoleic and palmitoleic acids (FACIOLI; GONÇALVES, 1998; AQUINO, 2007) .
Oils rich in saturated fatty acids with more than 10 carbon atoms, such as the palmitic acid, and lower levels of linoleic acid are more stable during the auto-oxidative rancidity degradation process (FETT; MORETTO, 1998) .
Among the triacylglycerols present in the pequi oil are the glycerol trioleate, dioleoyl palmitoyl glycerol, and the dipalmitoyl oleoyl glycerol (SEGALL et al., 2006) .
Several studies have considered the pequi pulp as a source of carotenoids (RAMOS et al., 2001; AZEVEDO-MELEIRO; RODRIGUEZ-AMAYA, 2004; OLIVEIRA et al., 2006; LIMA et al., 2007) , and some authors argue that depending on the extraction process, high levels of carotenoids can also be found in the pequi oil (AQUINO et al., 2009 ).
The extraction method can cause changes in the physicochemical properties of the oils (CARNEIRO; REDA, 2007) , which can result in an oil that is inappropriate for human consumption according to the identity and quality standards of oils (ANVISA, 2005) . High temperatures, long time thermal exposure, irradiation, and high oxygen concentration lead to lipidic oxidation and affect the physicochemical properties of the oils (RAMESH, 1995) .
Due to the economical and nutritional importance of the pequi oil, studies have been carried out focusing on better oil extraction yields and conservation of its physicochemical properties (AQUINO, 2007) .
Given the above, the present study aimed at determining the physicochemical properties and the total carotenoid level, especially β-carotene, of pequi oil extracted by different methods, as well as analyzing the changes in these parameters during storage.
Material and methods
The pequis fruits used in this study were purchased ripe from a local market in the city of Diamantina/MG in January 2009 and taken to the Savannah Biomass Technology Laboratory of the UFVJM. Later, they were selected according to size, uniformity, and absence of spoilage. After selection, they were washed, immersed in 50 ppm sodium hypochlorite solution for 15 minutes, and stored in a freezer at -18 °C until extraction. extraction (19.37%) showing that this method does not extract most of the oil present in the pulp.
The results of the oil yield in the extraction can be related to the moisture level because, according to Aquino et al. (2009) , the lower the moisture of the pequi pulp, the higher the extraction stregnth of apolar solvents. Moreover, the cooking of the fruits reduces the pequi oil yield by increasing the moisture level present in the pulp.
The result obtained in the extraction with acetone was similar to that found by Aquino (2007) , who found 61.07% using the same solvent. On the other hand, the yield of oil obtained in this study in the extraction with solvents was higher to those obtained by Segall et al. (2006) , 48.73%, of oil extracted from the pequi pulp with hexane and Garcia et al. (2007) , who evaluated the oil levels of fruits of the Savannah, amburana (21.5%), baru (37.6%), and pequi (51.9%) also extracted with hexane.
Mechanical extraction did not produce high oil yield, probably due to the oil residue retained in the cake. In spite of that, such yield is similar to that observed in the mechanical extraction of soy and cotton oil (18 to 20%) (TURATTI, 2000) . Table 2 , the pequi oil extraction method that used the mechanical press resulted in a higher value of titratable acidity (3.88 NaOH.g -1 ). On the other hand, the cooking method presented the lowest value of this parameter (1.03 NaOH.g -1 ), which suggests that the oil obtained in the first method has higher free fatty acid levels resulting from triacylglycerol hydrolysis reactions.
According to
The peroxide index was also higher in the oil obtained mechanically (1.07 meq.kg -1 ) demonstrating its higher vulnerability to the lipidic oxidation during the extraction process (Table 3 ).
Significant differences in the saponification indices of the oils resulting from the different extractions were not found (Table 4 ). This result indicates the existence of a similar amount of low molecular weight fatty acids in the oils. The same occurred for the oil iodine index, which did not differ among the analyzed oils either; an indication that they have practically the same degree of unsaturation in the fatty acid chains.
The values of the physicochemical parameters of the pequi oil extracted with acetone can be compared to those of the Aquino study (2007), who found, with the use of the same solvent, 1.75 mg NaOH.g -1 of titratable acidity, 197.2 mg of KOH.g -1 saponification index, and an iodine index of 50.15% .
With regard to the cooking method, the acidity and peroxide index obtained in the analyses are different from those of Facioli and Gonçalves (1998) , who found acidity equivalent to 0.537 mg of NaOH.g -1 and a peroxide index of 1.38 meq. kg -1 in the analysis of the pequi oil. However, they were close in terms of iodine and saponification index, 50% and 200 mg of KOH.g -1 , respectively.
Analyzing Table 2 , it can be seen that the acidity of the pequi oil increased during the storage period for all of the oils obtained, but significantly only for the oils originating from the mechanical and cooking extraction, possibly due to saponification with 10% KOH and separation in a dry-packed glass column (2 cm diameter × 30 cm height) with a mixture of Hyflosupercel and MgO (2:1). 20 × 20 cm × 0.25 cm plates of 60 G silica gel and a movable phase with a 3% solution of methanol in benzene were used. The extinction coefficient values for the calculation of the β-carotene level followed those reported in the Davies table (1976) .
All stages, from the obtaining of the sample to the identification and quantification of the β-carotene, were conducted protected from light.
Evaluation of color
The color determination of the pequi oil occurred at three different points of a transparent glass flask which contained the oil. The coordinates were then determined by the CIE L a*b* method using a Minolta CR -400 Colorimeter. The coordinate L indicates lightness, i.e., whether the color is light (100) or dark (0); the coordinate a* varies from -80 to +100, in which the extremes correspond to green and red, respectively, and the coordinate b* can vary from -50 (blue) to +70 ( yellow).
Experimental design
The analyses of the physicochemical properties, the total carotenoids, and the level of β-carotene made up 4 treatments or extraction methods (cooking, mechanical, ethyl ether, and acetone), 3 repetitions and 3 times (0, 90, and 180 days of storage). Color analysis, however, did not follow this pattern since it was performed twice with 10 repetitions (0 and 180 days of storage).
The averages of the different treatments applied were compared by variance analysis (ANOVA) at a 5% level of significance, except for the color and carotenoid analyses. For the variables in which significant differences were detected, the Tukey test was used (p < 0.05).
Results and discussion
The pequi pulp presented a 54.60% moisture level, a result similar to that of Vera et al. (2007) and Aquino (2007) , who found 48.13% and 51.71% moisture in the pulps of the fruits from the state of Goiás and Minas Gerais, respectively. According to these authors, the variation in the pequi pulp moisture level can be related to climatic factors and the different varieties of those fruits found in each area.
According to the data observed in Table 1 , the highest extraction yields of the pequi oil were obtained with the use of acetone (60.53%) and ethyl ether (58.47%). On the other hand, the cooking method produced the lowest yield of pequi oil method, but also by the high amounts of short chain fatty acids in the pequi oil, which according to Garcia et al. (2007) , gives lower stability to the oil.
Of the analyzed oils, only that obtained by mechanical extraction underwent changes in the saponification index during storage (Table 4 ). According to Fett and Moretto (1998) , this index corresponds to the amount of sodium hydroxide necessary to saponify the fatty acids resulting from the hydrolysis of a gram of sample. Thus, the result demonstrates that after 90 days of storage the oil obtained by mechanical extraction underwent a reduction in the size of its acid fatty chains.
The decrease in the saponification index and increase in the levels of titratable acidity and peroxide index of the pequi oil obtained by mechanical extraction indicate the occurrence of fatty acid hydrolysis reactions during storage.
The pequi oil iodine index value obtained with ethyl ether, acetone, mechanical press, and cooking did not undergo significant changes during the storage period. Since the iodine index is related to the amount of double bonds present in the sample (LIMA; GONÇALVEZ, 1994) , there were no changes in the number of unsaturations of the pequi oil fatty acids with 180 days of storage.
The values of L, a* and b* of the pequi oil decreased during storage, despite of the extraction method (Table 5) , which suggests darkening of the oil, as well as loss of its red color intensity.
the occurrence of triacylglycerol hydrolysis reactions during storage.
The high level of acidity of the oil obtained by the mechanical method indicates that there was higher decomposition of the oil. According to Ramesh (1995) and Carneiro and Reda (2007) , such decomposition can occur through oxidation and hydrolysis reactions of the fatty acids, which probably happened due to the high temperature generated during oil extraction. It is worth pointing out that acidity values greater than 4.0 mg KOH.g -1 make the oil inappropriate for human consumption (ANVISA, 2005) .
One way to reduce pequi oil decomposition would be by neutralization, which is part of the vegetable oil refining process (FETT; MORETTO, 1998) .
Mechanical extraction was also the method that resulted in a higher peroxide index (Table 3 ). In spite of that, the values are acceptable for human consumption according to the criterion of ANVISA (2005), which establishes a maximum limit of 15 meq.kg -1 for vegetable oils.
According to Lima and Gonçalves (1994) and Ramesh (1995) , the increase in the peroxide index demonstrates the increase of the thermal and lipidic oxidation reactions, forming hydroperoxides, which can change the aroma, color, and flavor of the oils culminating in the oil rancification process.
The acidity and peroxide index are the main parameters that define oil quality. The changes in these parameters verified in the pequi oil might have been caused not only by the extraction Averages followed by the same lowercase letters in lines and uppercase letters in the columns do not present a significant difference by the Tukey test (p < 0.05).
x Ribeiro et al. The darkening of the pequi oil can be related to the decomposition degree of the fatty acids and the carotenoid degradation during storage. According to Carneiro And Reda (2007) , the decomposition of the acid fat can occur by hydrolysis, oxidation, and polymerization processes. However, the degradation of carotenoids can occur by oxidation processes or action of enzymes, such as lipoxygenase, which significantly catalyze the oxidation of the carotenoids and release of fatty acids promoting isomerizations (GODOY; RODRIGUEZ-AMAYA, 1998; AMAYA-FARFAN; KIMURA; RODRIGUES-AMAYA, 2008).
As observed in Figure 1 and in Table 6 , the pequi oil has high carotenoid levels, and it is predominant source of β-carotene. It can be seen in Figure 1 that the extractions that use solvents promote higher preservation of the pequi oil total carotenoids. However, the levels of β-carotene found in the extractions with acetone (254.1 µg.g -1 ) and ethyl ether (240.2 µg.g -1 ) were very similar to those obtained by cooking (254.7 µg.g -1 ) and by the electric press (240.2 µg.g -1 ).
The higher total carotenoid levels obtained in the oils extracted with solvents seem to be related to the exposure of the oil to lower temperatures in relation to the other extraction process methods. According to Godoy and Rodriguez-Amaya (1998) , high temperature is one of the factors that contribute to the degradation of the carotenoids present in the foods.
The carotenoid levels of the oils extracted with use of solvents in this study were higher than those found by Aquino (2007) , who extracted pequi oil with acetone (300.5 µg.g -1 ), hexane (246.70 µg.g -1 ), and ethyl alcohol (296.10 µg.g -1 ).
Regardless of the extraction method used, the pequi oil carotenoid levels were higher than those found in the pulp of the fruit in the studies of Lima et al. (2007) , who found the equivalent to 72.5 µg.g -1 of carotenoids and those of Ramos et al. (2001) , who found levels of 231.09 µg.g -1 and 154.06 µg.g -1 of carotenoids in raw and cooked pulp, respectively. This finding demonstrates that the pequi oil, as well as the fruit, is an excellent carotenoid source.
The β-carotene showed to be the main carotenoid present in the pequi oil accounting for more than 50% of the total of carotenoids in the oil obtained with the use of solvents and more than 90% in the oil extracted by cooking and the electric press. The latter result is consistent with the results of Oliveira et al. (2006) , in which the β-carotene also represents 90% of the level of total carotenoids present in the pulp of the fruit.
The results of the present study can be correlated with those of the studies of Ramos et al. (2001) , who demonstrated β-carotene as one of the main carotenoids of both raw and cooked pequi pulp (9.35 µg.g -1 ) (12.17 µg.g -1 ). However, they contradict those found by Azevedo-Meleiro and Rodriguez Table 5 . Chromaticity values (lightness coefficient L and coordinates a* and b*) measured during the storage of pequi oil extracted by different methods. Influence of extraction method on the pequi oil foundation-CAPES (Coordenação de Aperfeiçoamento de Pessoal de Nível Superior).
Amaya (2004), who indicate violaxanthin, lutein, and zeaxanthin as the main carotenoids of the pequi pulp demonstrating the need for new research on the identity and amount of carotenoids present in the oil and pulp of this fruit.
When comparing the data published by Amaya-Farfan, Kimura, Rodrigues-Amaya (2008), it should be mentioned that the pequi oil has greater amounts of β-carotene than mango (Mangifera indica) (180 µg.g -1 ) and close to pupunha (Bactris gasipaes) (264 µg.g -1 ). On the other hand, its amount of β-carotene is lower than that of acerola (Malpighia glabra) (312 µg.g -1 ) and raw carrot (Daucus carota) (408 µg.g -1 ).
All oils presented a decrease in the total carotenoid levels during storage, with exception of the oil obtained by cooking. This indicates that the carotenoids of the oil extracted by cooking demonstrate higher stability at 180 days of storage at room temperature although the oil extracted with solvents did maintain carotenoid stability between 90 and 180 days of storage.
The pequi oil originating from mechanical extraction was the one that presented the highest decrease in the carotenoid levels during 180 days of storage, probably due to the higher degradation of the oil during the extraction and oxidation processes. According to Amaya-Farfan; Kimura; Rodrigues-Amaya (2008), the cutting and the trituration of the foods promote the release of enzymes that catalyze the oxidation and an increase in the exposure of the carotenoids to oxygen.
Conclusions
In view of the results, based on its highest acidity values and peroxide index, mechanical extraction is the most harmful method for the pequi oil quality due to the higher degradation of the oil during extraction.
The oil obtained by mechanical extraction presents shorter shelf life becoming inappropriate for human consumption at 180 days of storage due to high acidity.
The pequi oil presented darkening and reduction of the intensity of the red color after 180 days of storage. The decrease in the carotenoids during this period is one of the reasons that led to the color change.
The use of ethyl ether and acetone in the pequi oil extraction guarantees a higher quality level and preservation of the carotenoids. However, the carotenoids of the oil obtained by cooking present higher stability during storage.
The pequi oil is a food rich in carotenoids, predominantly β-carotene.
